The present study was designed to examine whether life-long exposure to standard or enriched housing affects the ability of estrogen to improve spatial and object memory throughout the lifespan. Three-week-old female mice were maintained in standard or enriched housing up to and through ovariectomy and behavioral testing at 5, 17, or 22 months of age. Spatial memory was tested in the Morris water maze and object memory was tested using an object recognition task. Immediately after training each day, mice were injected intraperitoneally with vehicle or 0.2 mg/kg 17b-estradiol. Among young females, object recognition was enhanced by estradiol alone, an effect that was reduced by enrichment. In contrast, spatial water maze performance was impaired by estradiol alone, but improved by the combination of both estradiol and enrichment. At middle-age, object recognition was enhanced by estradiol or enrichment alone, and the combination of both treatments. Spatial memory in the water maze was also improved by both treatments at middle-age, but the beneficial effects of estradiol were limited to standard-housed females. Finally, whereas enrichment in aged females significantly enhanced performance in both tasks, estradiol had no effect at this age in either task. In total, the data indicate that life-long enrichment can significantly alter the extent to which estradiol affects memory in mice throughout the lifespan. Importantly, the interaction between these treatments is highly dependent on age and type of memory tested.
Introduction
The question of whether estrogen treatment can reduce age-related memory decline in females has been the subject of much recent debate. Estrogen is thought to be beneficial for memory because it enhances the structure and function of mnemonic brain regions such as the hippocampus that deteriorate in normal aging and Alzheimer's disease (Foy et al., 1999; Warren, Humphreys, Juraska, & Greenough, 1995; Woolley & McEwen, 1992 , 1993 , and because hippocampal-dependent memory (e.g., spatial memory, object recognition) is typically improved by exogenous estrogen administration in young ovariectomized female rats (Bimonte & Denenberg, 1999; Daniel, Fader, Spencer, & Dohanich, 1997; Gibbs, 1999; O'Neal, Means, Poole, & Hamm, 1996; Sandstrom & Williams, 2001 ) and mice (Gresack & Frick, 2004 , 2006b Heikkinen, Puoliväli, Liu, Rissanen, & Tanila, 2002; Rissanen, Puoliväli, van Groen, & Riekkinen, 1999) . Estrogen is also a trophic factor for the adult hippocampus (Brinton, 2001) , and therefore, estrogen deficiency during aging may render the hippocampus more vulnerable to deterioration and exacerbate emerging age-related memory deficits. Indeed, the loss of estrous cycling in middle-age has been associated with the onset of spatial memory decline studies in female rats 
